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SUMMARY 


OBJECTIVE 

This  task  examined  a  method  for  the  analytical  determination,  with  very  good  accuracy,  of  the 
radio  frequency  (rf)  voltage  that  will  be  developed  across  insulators  in  transmitter  antenna  guy  cables. 
The  Numerical  Electromagnetics  Code  (NEC)  was  used  to  develop  the  predictions,  which  were  then 
compared  with  measurements  conducted  on  a  model  antenna. 

RESULTS 

Calculated  and  measured  values  of  the  mutual  impedance,  Z21,  which  here  is  the  ratio  of  induced 
voltage  to  antenna  feed  point  current,  were  obtained  for  a  scaled  configuration  containing  a  vertical 
radiator  and  one  top-loading  guy  cable.  Eighteen  test  conditions  were  examined,  with  nine  insulator 
location  patterns  (i.e.,  one  to  five  insulators)  and  two  insulator  capacitances.  For  those  test  conditions 
chosen  to  represent  realistic  antennas,  the  mean  and  maximum  differences  between  calculated  and 
measured  values  of  Z21  are  0.12  and  9.93  percent,  respectively. 

This  small  difference  between  calculated  and  measured  values  indicates  that  the  method  is  well 
suited  both  to  engineering  design  applications  and  to  the  investigation  of  the  adequacy  of  insulator 
withstand-voltages  at  existing  transmitter  sites. 
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BACKGROUND 


The  rf  voltage  developed  across  each  insulator  in  a  transmitter  antenna  guy  cable  will  be  the  result 
of  capacitive  and  inductive  coupling  between  the  radiator  and  the  guy  cable  and  of  the  direct  connec¬ 
tion  of  the  insulator-bearing  cable  across  the  antenna.  The  specification  and  selection  of  insulators 
has,  in  practice,  been  based  on  empirical  methods,  with  the  result  that  insulators  may  be  installed  which 
have  either  insufficient  or  unnecessarily  high  breakdown  voltage  ratings.  The  former  condition  will 
be  discovered  after  a  completed  site  has  been  put  into  operation.  The  extent  to  which  the  latter  condi¬ 
tion  is  present  may  never  be  revealed  since  there  will  be  no  overt  performance  effects. 

However,  a  considerable  price  may  have  been  paid  for  a  more  than  adequate  design.  The  difference 
between  a  sufficient  design  and  one  that  is  overly  conservative  may  be  measured  in  terms  of  hundreds 
to  thousands  of  pounds  of  excess  insulator  weight.  That  excess  will  be  cascaded  in  the  weight  of  the 
tower,  the  guy  cables  and  anchors,  and  the  base  insulator. 

There  is  a  need  for  a  prediction  procedure  that  yields  insulator  voltages  to  within  generally  ac¬ 
cepted  engineering  design  tolerances.  Such  a  method  will  have  application  during  the  design  of  new 
transmitter  sites  as  well  as  in  the  determination  of  antenna  power  limitations  at  existing  sites. 


INTRODUCTION 

The  NEC  computer  program  can,  in  principle,  be  used  to  calculate  voltages  induced  on  guy  cable 
insulators  near  a  radiating  element.  To  test  and  evaluate  such  an  application,  an  antenna  model  was 
specified  that  would  be  both  easily  examined  with  NEC  and  assembled  in  the  field  for  measurements. 

The  model  was  composed  of  a  6-meter  vertical  radiator  with  a  feedpoint  at  the  base  (Figure  1). 
A  single  guy  cable  connected  the  top  of  the  radiator  to  the  ground  screen.  The  combination  formed 
a  right  triangle.  The  guy  cable  contained  14  small  fixtures  designed  to  hold  capacitors  to  simulate  in¬ 
sulators  at  various  locations.  Nine  insulator-location  configurations  were  examined,  with  between  one 
and  five  capacitors  in  a  given  configuration  (Figure  2).  Shunts  were  installed  in  unused  fixtures.  A  fix¬ 
ture  with  a  capacitor  installed  is  shown  in  the  upper  portion  of  Figure  3. 

Each  configuration  was  filled  with  50-pF  capacitors  in  one  set  of  measurements  and  with  10-pF 
units  in  another.  The  former  capacitance  is  in  the  range  of  values  found  at  transmitter  sites.  The  latter 
was  included  to  facilitate  observations  of  any  effects  on  test  results  attributable  to  leakage  and  shunt 
capacitances  associated  with  the  test  instrumentation. 

The  quantity  required  as  a  product  of  both  analysis  and  measurement  for  each  configuration  is 
the  ratio  of  voltage  on  a  capacitor  to  the  current  into  the  antenna  feedpoint,  i.e.,  Z^i  ■  A  direct  measure¬ 
ment  of  capacitor  voltage  was  not  practical  because  placing  a  voltmeter,  an  operator,  and  a  step  ladder 
near  the  guy  cable  would  alter  the  voltage-inducing  fields.  A  technique  based  on  reciprocity  was  de¬ 
vised  which  allowed  the  placement  of  the  voltmeter  on  the  ground  screen  adjacent  to  the  feedpoint 
while  a  small  battery-powered  rf  signal  source  was  connected  across  and  suspended  from  the  insulator 
(fixture)  under  examination  (Figure  3).  The  voltmeter's  input  capacitance  still  had  a  significant  influence, 
and  the  voltages  measured  were  adjusted  to  remove  the  effect  of  that  influence. 


The  effectiveness  of  the  NEC  in  this  application  is  evaluated  through  an  examination  of  the  dif¬ 
ferences  between  calculated  and  measured  values  of  Z21  obtained  for  each  test  condition.  Calculations 
and  measurements  of  the  antenna  input  (feedpoint)  impedance,  Za,  are  included  in  this  work. 

The  following  paragraphs  provide  a  brief  introduction  to  the  NEC,  a  description  of  the  test  con¬ 
figurations,  the  theoretical  basis  for  the  measurement  process,  and  an  evaluation  of  the  method.  All 
results  of  the  analyses  and  measurements  are  presented  in  Appendices  A  and  B. 

NUMERICAL  ELECTROMAGNETICS  CODE 

NEC  is  an  advanced  computer  code  designed  for  the  analysis  and  description  of  fields  radiated 
from  current-carrying  structures  and  of  currents  and  voltages  induced  by  incident  fields.  The  NEC  pro¬ 
gram  is  based  on  numerical  solutions  of  both  electric-field  and  magnetic-field  integral  equations  to 
determine  the  electromagnetic  response  of  general  structures.  The  electric-field  integral  equation  is  well 
suited  to  the  modeling  of  thin-wire  structures  of  small  or  vanishing  conductor  volume,  while  the  magnetic- 
field  integral  equation  is  applicable  to  very  large  structures,  especially  those  with  extensive  smooth  sur¬ 
faces.  The  electric-field  integral  equation  in  NEC  has  been  specifically  adapted  for  applications  with 
thin  wires*  The  wires  may  be  in  free  space  or  over  a  perfect  or  lossy  ground. 

An  NEC  model  may  include  nonradiating  networks  and  transmission  lines,  perfect  and  imperfect 
conductors,  lumped-element  loading,  and  both  perfect  and  imperfect  ground  planes.  Excitation  may 
be  via  an  applied  voltage,  an  incident  plane  wave,  or  a  constant-current  source.  Program  outputs  in¬ 
clude  induced  currents  and  charges,  near-  and  far-zone  electric  and  magnetic  fields,  and  impedances 
and  admittances.  Other  commonly  used  parameters  available  include  gain  and  directivity,  power,  and 
antcnna-to-antenna  coupling. 

NEC  was  developed  at  the  Lawrence  Livermore  National  Laboratory  under  joint  sponsorship  of 
the  Naval  Ocean  Systems  Center  and  the  Air  Force  Weapons  Laboratory,  with  additional  sponsorship 
by  the  U.S.  Army  Communications-Engineering  Installation  Agency,  Fort  Huachuca.  The  NEC  user 
community  includes  17  government  organizations  and  over  39  domestic  and  foreign  companies  and 
universities. 

ANTENNA-GUY  CABLE  TEST  CONFIGURATIONS 

The  nine  insulator  test  configurations  examined  (Figure  2),  were  designed  to  represent  patterns 
present  at  operating  sites,  to  constitute  a  reasonable  evaluation  of  NEC  predictions  of  insulator  voltages, 
and  to  investigate  the  position  dependency  of  voltage  where  multiple  insulators  are  present. 


*Ci..l.  Burke  and  A.J.  Pogio,  Numerical  Electromagnetics  Code  (NEC)  —  Method  of  Moments,  NOSC 
TD  116,  Vol.  I,  January,  1981. 
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re  2.  Insulator  test  configurations  with  fixture  separations  shown  as  fractions  of  the  total  guy  cable  length.  The  uppermost  capacitor  holding  fixtures  in 
igurations  5  and  6  are  immediately  adjacent  to  each  other,  and  the  installed  capacitors  are  separated  by  5.3  cm  center  to  center. 


A  change  from  one  configuration  to  another  and  between  capacitor  sets  was  accomplished  by  lower¬ 
ing  the  wire  with  the  insulated  line  shown  in  Figure  1.  The  size  of  the  antenna  —  guy  cable  combination 
was  chosen  to  provide  convenience  in  handling  and  a  loop  length  very  small  relative  to  a  wavelength 
at  the  test  frequency  of  2.0  MHz.  The  test  frequency  was  placed  in  a  region  of  the  spectrum  where 
measurements  indicated  a  broad  noise  minimum. 

Capacitors  manufactured  for  good  temperature  stability  and  high-frequency  operation  were  used 
in  the  tests  and  individually  measured  at  the  test  frequency.  Capacitances  of  the  two  sets  ranged  from 
48.6  to  48.9  pF  forthe50-pF  set  and  from  10.1  to  10.2  pF  for  the  10-pF  set.  The  average  of  the  capacitances 
of  the  individual  capacitor  holding  fixtures  was  1.5  pF.  Actual  capacitances  should  be  within  ±0.3  pF 
of  the  indicated  values.  Capacitances  used  in  each  test  configuration  are  given  with  the  measurement 
data  in  Appendix  A. 

MEASUREMENT  PROCESS 

PROCESS  BASIS 

The  objective  is  the  measurement  across  a  capacitor  of  a  voltage  induced  by  a  current  flowing  in 
the  antenna  feedpoint  and  the  calculation  of  the  quantity  Z2j .  As  noted  above,  a  voltage  measurement 
at  a  capacitor’s  location  would  inject  indeterminable  errors  in  the  data.  That  difficulty  can  be  circumvented 
by  reversing  the  locations  of  the  signal  source  and  voltmeter.  From  reciprocity  it  is  known  that  Z2i  in 
one  direction  through  a  passive  circuit  will  equal  Z2i  in  the  opposite  direction. 

It  remains  necessary  to  determine  the  current  from  the  signal  source  while  it  is  attached  to  a  guy 
cable  that  is  in  the  elevated  position.  This  will  be  accomplished  by  a  procedure  which  permits  a  deter¬ 
mination,  at  the  feedpoint,  of  the  load  on  the  signal  source  when  it  is  on  an  elevated  cable.  When  the 

value  of  that  load  and  the  signal  source  voltage  are  known,  the  current  can  be  calculated.  The  pro¬ 
cedure  is  described  in  the  following  paragraphs. 

The  circuit  shown  in  Figure  4  represents  the  circuit  under  measurement  when  the  guy  cable  is  elevated. 

For  the  two  relay  contact  conditions,  (1)  and  (2)  apply: 

e,  =  (i,  —  low)  (Rs  -  jXC|)  relay  open  (1) 

e,  -  (i,  ~  high)  ( -  j.\(  ()  relay  closed,  (2) 

where  i,  low  is  the  current  with  Rs  in  the  circuit,  and  ij  -  high  is  the  current  w  ith  Rs  not  in  the  circuit. 

Combining  (1)  and  (2)  and  solving  for  |  results  in 


(i,  low)- 


l|  {(i.  hiuh)-  (i,  low  f) 


(3) 


(4) 


From  the  definition  of  Z2)  in  (4),  two  expressions  are  obtained  as  given  in  (5)  and  (6): 


Z2i  -  -r 


ii 


ij  -  low 
ii  —  high  = 


e0  -  low 

e0  -  high 

Z21 


(5) 

(6) 


where  eQ  -  low  is  the  feedpoint  signal  voltage  with  R$  in  the  circuit,  and  e0  -  high  is  the  feedpoint  signal 
voltage  with  Rs  not  in  the  circuit. 


Substituting  (5)  and  (6)  into  (3)  results  in 


Xc,  =  Rs 


(eQ-low)2 


'/2 


(e0-high)2  -  (en-low)2 


(7) 


Values  of  Rs  were  selected  to  insure  an  adequate  difference  between  the  high  and  low  output  signal 
levels.  If  they  are  very  close  in  magnitude,  the  accuracy  of  the  calculated  XC  (  can  be  degraded.  Three 
values  of  Rs  were  used:  1,  5.1,  and  10  kilohms. 


The  input  voltage,  e*.  was  measured  before  and  after  each  antenna-guy  cable  test  configuration 
was  put  in  the  raised  position,  an  interval  of  2  to  3  minutes.  If  any  drift  was  observed  in  the  magnitude 
of  ej,  then  the  average  of  the  two  values  was  used  in  the  calculation  of  i,.  Drift,  when  observed,  was 
typically  less  than  0.3  percent. 


INSTRUMENTATION 

The  signal  source  was  designed  specifically  for  this  application.  The  circuit  contained  a  crystal- 
controlled  oscillator,  a  bandpass  filter,  and  a  low-output-impedance  amplifier.  The  relay  was  under 
the  control  of  an  independent  time-driver.  Three  9-V  batteries  provided  power  for  about  3  hours  of 
continuous  operation. 

All  voltage  measurements  were  made  with  an  HP  model  3586B  Selective  Level  Meter  combined 
with  an  HP  model  1124A  Active  Probe.  A  bandpass  of  3200  Hz  was  used,  which  was  automatically 
centered  at  the  test  frequency.  The  probe’s  input  resistance  is  10  megohoms,  shunted  by  a  capacitance 
adjusted  to  near  10  pF  during  manufacture.  The  resistive  component  was  large  enough  to  not  affect 
measurements  of  eG;  however,  the  capacitive  component  did.  As  a  result,  procedures  for  probe  loading 
corrections  were  developed  and  are  discussed  in  the  next  section. 


CORRECTIONS  FOR  PROBE  LOADING 

For  the  test  configurations  in  this  work,  the  probe  capacitance  will  be  large  enough  to  affect  the 
voltage  measurements  used  to  determine  Z2]  and  ZA.  This  is  not  likely  to  be  a  problem  at  operating 
sites  because  of  the  large  capacitance  of  base  insulators.  The  bases  for  the  measurement  corrections 
used  in  this  work  will  be  developed  from  the  circuit  in  Figure  5. 
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Figure  4.  Measurement  equivalent  circuit.  Circuit  elements  are  defined  as  follows: 


R,  =  source  internal  resistance,  6  ohms, 
e,  =  signal  source  voltage. 

Rs  =  current-limiting  resistance,  in  the  range  of  I  to  10  kilohms. 
SW  =  relay,  shunts  Rs  for  5  seconds  at  10-second  intervals, 
i,  =  signal  source  current. 

C,  =  total  capacitance  as  seen  by  the  signal  source. 

Z-,,  =  mutual  impedance,  to  be  calculated. 
e„  =  signal  voltage  at  the  feedpoint. 
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The  total  reactance  across  the  feedpoint  terminals  with  the  probe  attached  is  given  by 


XT  = 


XPXA 
Xp  +XA 


(8) 


where  Xp  is  the  reactance  of  the  probe  capacitance,  and  XA  is  the  reactance  of  the  feedpoint 
capacitance. 

Solving  (8)  for  XA  results  in 
V  XpXT 

aa - 

Xp  -Xt 


(9) 


Both  Xp  and  Xt  were  directly  measured,  the  latter  for  each  test  configuration  in  which  the 
guy  cable  was  in  the  elevated  position.  The  measurement  of  reactance  will  be  described  with 
reference  to  Figure  6. 

The  relationships  in  (10)  and  (11)  follow  directly  from  Figure  6: 


e,  =  ij  (Rs  -  jXc )  (10) 

e0  =  i,X(,  (11) 


Combining  (10)  and  (11)  and  solving  for  X<  leads  to 


X<  = 


((e,/e0):  -l) 


(12) 


When  only  the  probe  is  on  the  signal  source,  the  resulting  X(  is  that  of  the  probe  capacitance.  When 
that  combination  is  connected  to  the  feedpoint,  the  X(  becomes  the  XT  required  in  (9).  Thus  the  solu¬ 
tion  of  (9)  provides  a  feedpoint  reactance  free  of  probe  loading. 

In  practice,  all  measurements  made  relative  to  Xp  and  Xj  were  conducted  with  a  consistent  in¬ 
strumentation  geometry  and  procedural  routine.  Also,  the  reactanceobtained  for  a  given  capacitor  was 
slightly  dependent  upon  the  value  of  Rs  used,  probably  because  of  a  small  shunting  capacitance  within 
the  signal  source.  Therefore,  the  \alues  of  Xp  and  XA  used  in  a  given  solution  of  (9)  were  obtained  with 
the  same  Rs- 

Corrections  for  the  effects  of  probe  loading  were  required  in  one  other  part  of  the  data  reduction 
process.  During  measurements  of  e„  for  the  Z^i  calculations,  the  voltages  recorded  were  low  because 
of  probe  loading.  Determining  the  extent  to  which  an  e„  is  lowered  will  permit  calculation  of  a 
correct  Z^i  - 

Equations  (13)  and  (14)  can  be  written  directly  from  an  inspection  of  Figure  5. 


e„  meas  -=  e,K 

X 

p  V  \.x 

probe  connected 

(13) 

Coc  -  C, 

probe  not  connected 

(14) 

PROBE  —  |— —  FEEDPOINT  -*-[  -< —  ANTENNA  -  GUV  CABLE 

Figure  5.  Feedpoint  with  probe  connected.  Cp  is  probe  capacitance,  CA  is  feedpoint 
capacitance,  and  eoc  is  open-circuit  voltage 


Solving  for  the  ratio  of  the  two  voltage  terms  results  in 


Cqc  _  XA  +  XP  (j5) 

ec  -  meas  Xp 

The  solution  of  (15)  was  used  as  a  correction  factor,  multiplied  by  an  apparent  Z2(  to  obtain  its 
correct  value. 
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RESULTS 

The  results  are  very  good  both  in  terms  of  comparisons  between  calculated  and  measured  parame¬ 
ter  values  and  in  terms  of  the  correspondence  between  these  data  and  existing  knowledge  about  in¬ 
sulator  voltage  induction  at  operating  transmitter  sites.  All  calculated  and  measured  values  of  Z2| ,  the 
voltage  induced  by  a  given  input  current,  and  ZA,  the  antenna  feedpoint  input  impedance,  are  presented 
in  Appendix  A  for  each  configuration  and  in  a  format  that  allows  easy  comparisons.  Tabulations  of 
NEC  computations  alone  are  given  in  Appendix  B.  Several  general  observations  are  discussed  in  the 
following  paragraphs. 

Table  1  presents  a  statistical  summary  of  all  data.  For  ZA  all  measured  values  were  less  than  those 
calculated  by  a  very  small  amount.  In  the  discussion  of  the  Z2i  results  there  are  several  suggestions 
relative  to  conditions  that  could  have  been  responsible  for  the  differences  between  calculated  and  measured 
values.  Those  suggestions  also  apply  in  general  to  the  ZA  results. 


Table  1.  Percent  differences  of  measured  parameters  from 
calculated  parameters  to  all  configurations 


Mean 

SD 


Extrema 


50-pF  Set 

10-pF  Set 

Z2| 

Za 

z2l 

ZA 

0.12 

-2.83 

-4.69 

-3.86 

4.33 

1.42 

8.81 

2.01 

+  9.93 

-0.75 

+  21.39 

-1.62 

-8.20 

-5.09 

-15.09 

-7.46 

For  Z2|  in  the  50-pF  data  set,  the  mean  (Table  1 )  is  strikingly  small,  while  the  SD  (standard  devia¬ 
tion)  and  extrema  indicate  that  there  is  some  spread  in  the  differences.  The  basis  lor  that  spread  is  somewhat 
systematic.  The  differences  tend  to  be  small  or  positive  in  sign  for  insulator  locations  high  on  the  guy 
cable,  and  larger  and  negative  in  sign  for  those  low  on  the  cable.  This  is  most  clearly  seen  in  Figures 
A-15  and  A-17.  Although  less  conspicuous,  this  same  pattern  is  present  in  the  10-pF  data  set. 


That  pattern  of  differences,  increasing  negatively  downward  on  the  guy  cable,  could  have  two  causes 
not  accounted  for  in  this  initial  NEC  trial.  One  is  associated  with  the  physical  length,  or  height,  of 
the  signal  source.  The  fraction  of  the  distance  between  the  guy  cable  and  the  ground  screen  occupied 
by  the  signal  source  will  increase  as  the  signal  source  is  moved  lower  along  the  cable.  Therefore,  the 
leakage  capacitance  between  insulator  locations  and  ground  will  be  systematically  altered  by  the  measure¬ 
ment  process. 

The  second  is  associated  with  the  NEC  use  requirement  that  all  wire  dimensions  must  be  carefully 
specified.  The  capacitor  holding  fixtures  represent  short  sections  of  increased  wire  size  that  were  not 
differentiated  from  the  16-AWG  connecting  conductor  sections.  The  density  of  holding  fixtures  increased 
toward  the  lower  end  of  the  guy  cable,  and  the  resulting  increase  in  the  average  wire  diameter  could 
have  introduced  a  systematic  effect  on  capacitive  and  inductive  coupling. 

Both  of  these  potential  causes  for  a  systematic  pattern  in  the  differences  between  calculated  and 
measured  values  can  be  examined  through  successive  NEC  trials  in  that  both  can  easily  be  specified 
in  the  input  parameters.  A  third  potential  cause  was  eliminated  in  the  test  design.  The  weight  of  the 
signal  source  can  pull  down  on  the  guy  cable  to  form  two  segments  with  different  angles  above  the  ground 
plane.  The  lower  segment,  with  the  decreased  angle,  would  always  have  an  increased  leakage  capaci¬ 
tance.  A  20-foot-long  pole  of  1-  by  2-inch  kiln-dried  white  pine  was  used  to  support  the  guy  cable  near 
the  signal  source  attachment  point  so  that  the  guy  cable  was  always  straight  at  the  time  of  a  measure¬ 
ment.  Several  tests  were  conducted  to  establish  that  neither  the  pole  nor  the  person  holding  it  had  an 
observable  influence  on  a  measurement. 

During  the  design  of  this  investigation,  50-pF  capacitors  were  selected  to  simulate  insulators  because 
that  value  was  conveniently  within  the  range  of  insulator  capacitances  found  in  a  brief  survey  of  anten¬ 
na  sites.  The  10-pF  set  was  added  in  order  to  gain  knowledge  on  the  practical  consequences  of  treating 
systems  with  very  small  capacitive  elements. 

If  the  50-pF  data  set  is  used  as  a  basis  for  judgement,  the  10-pF  data  set  can  be  described  as  having 
both  large  differences  between  calculated  and  measured  values  and  greater  variability  in  those  differences. 
Any  of  several  circumstances  could  have  contributed  to  that  result.  The  limits  of  uncertainty  or  error 
in  capacitor  measurements  were  estimated  to  be  ±0.3  pF.  which  for  the  smaller  capacitor  set  is  a  much 
larger  percentage.  The  capacitances  of  the  capacitors  used  in  the  measurements,  given  on  each  figure 
in  Appendix  A,  deviated  from  those  used  in  the  NEC  calculations  by  amounts  which,  as  percentages, 
were  large  in  the  10-pF  set.  Any  leakage  capacitance  in  shunt  with  the  Rs  resistor  in  the  signal  source 
will  introduce  the  larger  error  in  the  10-pF  test  set  data.  (The  signal  source  was  reconstructed  once  to 
reduce  that  leakage  capacitance  from  about  2  pF  to  some  much  smaller  value.)  If  the  circumstances 
noted  above  relative  to  wire  size  specification  and  signal  source  body  length  could  have  had  an  effect 
in  the  50-pF  data  set,  then  that  effect  should  be  larger  in  the  10-pF  data  set. 

In  the  above  paragraphs,  the  results  of  this  investigation  were  examined  in  terms  of  difference  be¬ 
tween  calculated  and  measured  values.  Traditional  guy  cable  design  practice  offers  another  basis.  It 
is  well  established  that  the  voltage  induced  across  an  insulator  increases  as  the  insulator  is  placed  higher 
on  the  cable,  closer  to  the  antenna  tower.  Where  insulators  are  required  very  near  the  upper  end  of  the 
cable,  they  are  frequently  placed  there  in  closely  spaced  groups  in  order  to  reduce  the  potential  across 
each  to  a  level  below  breakdown.  Both  the  calculated  and  measured  values  of  Z;,  show  the  same  pat¬ 
tern:  the  higher  the  location  examined  along  the  cable,  the  higher  the  value  of  Z:). 
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CONCLUSIONS 

The  results  indicate  that  with  the  NEC,  the  rf  voltages  induced  on  one  or  more  insulators  in  guy 
cable  can  be  calculated  to  within  a  range  of  uncertainty  that  is  quite  acceptable  for  design.  This  conclu¬ 
sion  is  based  on  a  comparison  between  the  values  of  Z21  measured  on  a  scaled  vertical  antenna  with 
a  single  guy  cable  and  those  derived  analytically  for  the  same  model. 

Nine  configurations  of  insulator  locations,  one  to  five  per  configuration,  were  examined,  with  each 
filled  in  turn  by  50-pF  and  10-pF  capacitors.  For  the  50-pF  data  set,  all  measured  values  of  Z2|  were 
within  10  percent  of  calculated  values.  For  the  10-pF  data  set,  the  maximum  difference  was  just  over 
21  percent.  All  results  are  presented  in  Appendices  A  and  B  and  summarized  in  Table  1. 

Another  basis  for  the  evaluation  of  the  results  of  this  investigation  can  be  found  in  the  correspondence 
between  both  the  calculated  and  measured  values  of  Z2)  on  the  one  hand  and,  on  the  other,  the  tradi¬ 
tional  practice  of  locating  insulator  on  operating  antennas.  Both  indicate  that  the  induced  voltage  in¬ 
creases  as  an  insulator  is  located  higher  on  a  guy  cable,  closer  to  the  antenna.  Frequently,  insulators 
near  the  top  of  a  cable  are  placed  there  in  closely  spaced  groups  so  as  to  reduce  the  voltage  across  each 
to  a  level  below  breakdown. 

The  50-pF  capacitor  set  was  selected  because  it  represented  reasonably  well  an  average  of  the  in¬ 
sulator  capacitances  found  in  a  brief  survey  of  operating  antennas.  The  10-pF  set  was  added  in  order 
to  gain  experience  in  the  treatment  of  systems  containing  low-capacitance  elements.  With  the  latter 
set,  in  contrast  to  the  former,  the  measurements  did  show  greater  variability  and  larger  differences  be¬ 
tween  calculated  and  measured  values.  Several  possible  reasons  for  that  contrast  between  data  sets  were 
discussed  in  the  previous  section. 

There  was  a  systematic  variation  in  the  differences  between  calculated  and  measured  values  of  Z2! . 
Differences  were  small  or  positive  in  sign  (i.e.,  measured  is  larger  than  calculated)  for  the  higher  in¬ 
sulator  locations  and  larger  and  negative  for  those  lower  on  the  guy  cable.  Two  physical  characteristics 
of  the  test  model  implementation  not  included  in  the  NEC  input  data  might  have  been  responsible. 
The  body  of  the  signal  source  could  add  shunt  capacitance  between  the  insulator  location  under  ex¬ 
amination  and  ground,  with  the  magnitude  increasing  as  it  is  moved  toward  the  lower  end  of  the  cable. 
Also,  the  capacitor  holding  fixtures  effectively  create  short  sections  of  increased  wire  diameter  in  the 
guy  cable,  and  the  average  interval  between  fixtures  decreased  toward  the  lower  end  of 'the  cable.  It  would 
be  useful  for  tutorial  reasons  to  run  additional  NEC  trials  to  identify  and  characterize  the  specific  causes 
of  the  systematic  variations. 

For  practical  reasons  it  would  be  very  useful  to  further  evaluate  this  class  of  NFC  application  with 
an  examination  of  an  antenna  that  has  a  full  set  of  guy  cables.  A  full-scale  operating  Mte  should  be 
considered  for  the  task,  and,  if  possible,  a  site  which  has  had  occurrences  of  insulator  corona  and 
breakdown.  Additional  benefits  of  such  an  investigation  would  include  an  evaluation  of  traditional 
insulator  specification  practices  and  of  limitations  on  an  antenna’s  operating  power. 

The  conduct  of  follow-on  verification  tests  could  be  simpler  with  a  full-scale  antenna  because, 
depending  on  the  site  selected,  many  or  all  of  the  problems  associated  with  shunt  and  leakage  capacitances 
found  in  this  work  with  a  model  will  not  be  present.  A  somewhat  larger  signal  source  would  be  required, 
and  a  site  rigger  would  have  to  be  employed  to  carry  the  instrument  to  a  number  of  insulators. 
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Differences  between  measured  and  NEC-produced  results  will  probably  be  larger  for  full-scale  anten¬ 
nas,  in  contract  to  models,  because  stray  capacitances  not  accounted  for  in  this  work  can  be  more  than 
proportionally  larger  at  an  operating  station.  Therefore,  with  the  existing  data  set  as  a  basis,  the  in¬ 
troduction  of  stray  capacitances  in  the  NEC  input  parameters  should  be  practiced  to  obtain  the  best 
correspondence  between  measurements  and  calculations. 


CAPACITANCE 


Figure  A-1.  Configuration  1,  50-pF  set,  Z21  and  Z»  data. 


CAPACITANCE 


Figure  A-3.  Configuration  2,  50-pF  set,  Z2^  and  Z^  data. 


CAPACITANCE 


Figure  A-4.  Configuration  2,  10-pF  set,  Z91  and  ZA  data. 


CAPACITANCE 


Figure  A-5,  Configuration  3,  50-pF  set,  Z21  and  Z  »  data. 


CAPACITANCE 


Figure  A-7.  Configuration  4,  50-pF  set,  Zo-i  and  Z  »  data. 


CAPACITANCE 


Figure  A-8.  Configuration  4,  10-pF  set,  Z7«  and  Z*  data. 


CAPACITANCE 


Figure  A-tO.  Configuration  5,  fO-pF  set,  Zji  and  Z*  data. 


Figure  A- 11.  Configuration  6,  50-pF  set,  Z y,  and  Z»  data. 


CAPACITANCE 


Figure  A-12.  Configuration  6,  10-pF  set,  Zyi  and  Z«  data. 


CAPACITANCE 


Figure  A-13.  Configuration  7,  50-pF  set,  Z?1  and  ZA  data. 


CAPACITANCE 


Figure  A16.  Configuration  8,  10-pF  set,  Z71  and  ZA  data. 


capacitance 


Figure  A-17.  Configuration  9,  50-pF  set,  Zy^  and  Z^data. 


CAPACITANCE 


Figure  A  18  Configuration  9,  10  pF  set,  Z71  and  ZA  data. 


Table  B-l.  NEC  results  for  the  10-pF  set;  see  page  B-l  for  definitions. 
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